Anthos is the name of a database and search system for quality-controlled chorological and taxonomic information on the vascular plants of Spain. It provides a trustworthy solution for the handling of accepted names and their synonyms, based on an analysis of nomenclatural relations. It is based on the MS SQL-Server relational database system. Information can be found on any plant, using its accepted name or synonyms or vernacular names. The geographical search options include lists of all plants of a given territory, a province, a region or an area delimited by its UTM coordinates. Additional information is available in the form of photographs or drawings, chromosome numbers, vernacular names and synonyms.
Introduction
The name of a species is like a drawer in which knowledge is stored. When a new species is described, a hook is created to hang on all the data that may be found about it, be they morphological, ecological, cytological, geographical, molecular, phylogenetic, etc. Of course the drawer and the hook are no more than metaphors. The information connected by the specific name is scattered over a multitude of scientific publications, which appear from time to time in different places.
Apart from experienced, professional botanists, anyone looking for information about a given plant would have to spend whole days hunting through a well-stocked library, uncertain in the end whether all significant publications were traced. A number of useful indices have been drawn up to mitigate this problem, e.g., the Index Kewensis and the Gray Card Index, together accessible in the International Plant Name Index (IPNI 2005) , the Kew Record for Taxonomic Literature (in KBD 2005) , Chromosome Number Reports (IPCN 2005) , Index Londinensis (Stapf 1929 (Stapf -31, 1941 , Index Holmiensis (Tralau 1969 -81, Lundqvist & Nordenstam 1988 , Lundqvist 1992 , Lundqvist & Jäger 1995 . Each of these indices covers a special field, but together they do not cover all the possible areas of interest, not even the distribution, which is probably the most frequently needed information.
Until recently, the floristic data of a territory were published in printed form, as a flora or a catalogue. These two formats served different purposes: the former gave keys, descriptions, etc. of the plants, the latter only the names of the plants present. To reach the included information the users needed experience; they had to know the names of the plants, the possible synonyms of these names, how to look for information in the catalogue, and so on. In fact, the complexity of the taxonomic and floristic data, including the related geographical, cytological and iconographical details, put the matter beyond the reach of the general public.
This is now changing with the introduction of computer tools, the storage capacity of which provides algorithms for complex searches and which generate a rapid response to the enquiry over any distance by Internet. This innovation is prominent in botanic publications, e.g., Döring & Güntsch 2003 , Wilson 2003 , Berendsohn & al. 2000 , 2002 , Berendsohn 2001 , 2002 , Gewin 2002 , Edwards & al. 2000 , Jones & al. 2000 , Sugden & Pennisi 2000 , Pando & al. 1999 , Zhon & al. 1996 , Mayr 1995 In September 1999 an agreement was signed in Spain by the Consejo Superior de Investigaciones Científicas and the Fundación Biodiversidad to set up a database of the flora of Spain, operating from the Royal Botanic Gardens, Madrid. The programme was called "Anthos. Sistema de información sobre las plantas de España". It was designed to provide information about the plants in Flora Iberica (Castroviejo & al. 1986-) and the checklist of the Canary Islands (Hansen & Sunding 1993) but it can be used for any other territory as we will explain in the following paragraphs.
The problem of synonyms
To make plant life available for human use, groups of similar plant individuals have to be recognized and named. Consequently taxonomy and nomenclature are involved, two separate tasks that are, however, complementary. Taxonomy deals with the system of classification, while nomenclature involves the application of a set of previously agreed rules (Greuter & al. 2000) that gives the precise name to each accepted species and its synonyms. The rules are important because the same plant taxon may have been recognized and described more than once, each time under a different name. In that case the same plant taxon will have different names, used in different publications and bearing different information. The rules help to determine which name is to be used correctly, but details of the species in the bibliography must still be sought not only under its correct name but also under each of its synonyms.
The first requirement, therefore, in a rigorous search, is to know all the names that may have been applied to the same species, the synonyms. This may appear simple but it is a question that can only be elucidated by taxonomy. That one synonym stands as equivalent to another, at least when they are heterotypical, can be determined only by the study of the plants in question. The number of synonyms of each name that is regarded as correct within a classification can be very high. The number of synonyms mentioned in a publication depends on (a) the amount of study devoted to the flora, and (b) the severity of the taxonomic studies carried out in its preparation. This can be illustrated by some examples: -In an exhaustive study, such as a monograph, the number of synonyms is very high. In Geranium (Geraniaceae), for example, 2202 different names have been found for 416 accepted taxa, which gives a rate of 5.3 synonyms (Aedo 2005) . In Erodium (Geraniaceae), 1080 names have been found for 81 accepted taxa, a rate of 13.3 synonyms (unpublished data). -These rates are usually lower in the floras. In the well-known Flora Europaea (Tutin & al. 1964-80) , a total of 40 665 names are used, according to the database Flora Europaea (ESFEDS database). In the prologue to the last of the five volumes (Tutin & al. 1980) , Heywood states that only 11 557 different species are recognized and described. But if we count the names in bold type, those on which information is given (the 4194 accepted subspecies and other taxa of various ranks), the figure reaches 17 555 names, of which 14 578 are at specific rank, and of these, 1585 have at least two subspecies. The total number of accepted subspecies is 4194. To know the total number of taxa accepted in Flora Europaea (excluding hybrids and infrasubspecific categories), we have to add the number of species to that of the subspecies, subtracting from the latter the number of typical subspecies (1585), and that gives 17 187 names considered as correct for the recognized taxa. Since 40 665 is the total number of names used, and the number of accepted taxa is 17 187, the rate of synonyms for each name considered correct is found to be 2.4. -In Flora Iberica (Castroviejo & al. 1986-) , we found 23 831 synonyms in the families studied (15 194 heterotypic, 6800 homotypic and 1837 misapplications) for the 3795 names considered as correct. After subtraction of the misapplications, the average number of synonyms of each accepted name is 6.3. -These figures are assumed to be similar in the European flora, particularly for neighbouring countries such as France, Portugal, Italy, Greece, etc., where both the degree of variability and the level of studies are similar. The figures for the tropics may be much lower, since the scant collection of the flora and the lesser knowledge of its variability suggest that fewer names have been proposed. The very recent catalogue of the plants of Panama (Correa & al. 2004 ) and the database W3TROPICOS (TROPICOS 2005) of the flora of Panama give an average of 1.4 synonyms of each name considered correct, although we have to admit that these sources do not include full synonymy.
All of this shows that the existence of so many synonyms in the botanic literature requires that any search for information about a plant must include searches under all synonyms. In the Anthos programme, gathering information on the flora of the Iberian Peninsula and the Balearic and Canary Islands, the taxonomy adopted (within the possibilities of the treatments) are those of Flora Iberica (Castroviejo & al. 1986-) and, for the groups not yet treated, Greuter & al. (1984-89) and Tutin & al. (1964-80) , for the Canary Islands Hansen & Sunding (1993) . In total we have 40 630 different names, of which 10 121 are considered as correct either at the specific or infraspecific rank: 7528 species, 2094 subspecies, 493 varieties and 5 forms and nothosubspecies.
The CITAS table of chorological information, which contains the name of the plant and the place where it was found, has at present 1 121 436 name entries. Of course, many of them refer to different places where the same plant is found, often under the same name. By eliminating those entries in which the name of the plant is repeated, the total number of entries is reduced to 33 868. This shows that the various authors, whose work has been used to assemble the CITAS table, have used 33 868 different names for the plants of the Iberian Peninsula and the Balearic and Canary Islands.
The difference between the two figures, the total number (40 630) of different names, those considered correct and the synonyms, gathered in our table of nomenclature (NOMEN) and the total number (33 868) of different names used by the authors gathered in our chorological table (CITAS), gives the number of names which have probably never been used except when they were created. This number, 6762, concerns the names of Iberian plants that have likely never been used in any Spanish or Portuguese flora or catalogue.
To assess the quality of the information detected in the chorological studies, we compared the fields GENERO, ESPECIE, INFRANK, INFRA of the 10 121 different names considered correct in the NOMEN table with the same fields of the 33 868 names in the CITAS table (Fig. 1) . In the Spanish botanical bibliography, only 33.4 % of the names of the plants used for the chorological information were the same as those now regarded as correct. This means that if we have this information in a database and do not know how to use the synonyms, we loose up to 66.6 % of the information stored.
The consequence is that to manage the botanical data drawn from the bibliography and from the herbaria, the search must include an automatic selection of all names that have been applied to the plant, and that these must be used to obtain all information stored in the database. With the growing volume of data of every kind appearing in the bibliography, manual systems of documentation have become ineffective; they are time-consuming and can not provide a guarantee of completeness.
Then again, synonyms can involve differences of opinion among botanists when they apply the same name to different groups of plants. In taxonomy this is indicated as 'sensu' (often used for misapplications, at least in the American taxonomic tradition). Berendsohn (1995) considered this at length when he proposed the concept of 'potential taxa' which was not generally accepted because of its intrinsic complexity.
The Anthos system (www.programanthos.org)
The initial aim of the Anthos programme is to present data from the bibliography, although those of herbarium sheets can also be incorporated. The system consists of a set of related tables (Table 1) . 
The relations between names are based on taxonomies published by the authors of the generic syntheses and the counterchecked relations in an earlier computer application (Castroviejo & al. 1996) . From a single name, a consultation will therefore draw on the whole series of its synonyms. For this purpose each type of information -taxonomic, chorologic, iconographic, descriptive, etc. -has a table with the following common fields: GENERO, which includes the generic name; SPECIES, with the name of the species; INFRANK, with the infraspecific rank (subsp., var., f., etc.) when appropriate; INFRA, with the name of the infraspecific taxon when appropriate, and AUTABRE (author string), with the abbreviated name of the authors of the taxon, whether this is specific or infraspecific.
The most important tables
-NOMEN is the table with taxonomic and nomenclatural information. Every entry of a name has to include the following information: (a) the name itself with the above-mentioned fields -GENERO, ESPECIE, INFRANK, INFRA and AUTABRE; (b) the accepted name (which may be exactly the same as that in a); (c) the basic name (which again may be the same as in a). In other words, the system provides all information required for the detection of synonyms, both homotypical and heterotypical. -CITAS contains all chorological data drawn from the bibliography. In addition to the name used in the publication (whether considered as correct or as one of the synonyms after its incorporation into the fields of GENERO, ESPECIE, INFRANK, INFRA and AUTABRE), it includes geographic information under the fields PAIS, PROVINCIA, ISLA, LOCALIDAD, UTM and ALTITUD, with the geographical data of the place where the plant was collected, always georeferenced in UTM coordinates to within 10 km.
To come to terms with the problem of the 'sensu' mentioned earlier, a double entry is made of the fields containing the name of the plant. In the first entry, the name appears as written by the initial author, while in the second it is given in the form considered correct (when this is known). When we are quite certain that the author made an incorrect interpretation, we introduce the name we consider correct. In this way, the original version of the information is maintained but the record can be managed without complications. The enquirer will use first the information given in the corrected entry. -BIBLIOGRAFIA presents the bibliographic references of all the sources of information used in the databases, so the source can be checked.
The secondary tables
-IMAGENES contains references to drawings and photographs, both stored in JPEG form. The available digital images of drawings are taken from the following works: 1837 from Castroviejo & al. (1986-) and 996 from the classical works (Willkomm 1852 -62, 1881 -92, Boissier 1839 -45, Hoffmansegg & Link 1809 -40, Lange 1864 . At present, 11 253 photographs and plates of 5459 plant species are available. -CARIOLOG presents the chromosome number data, with the author, the title of the work and the bibliographic reference to the journal or book in which they appeared. -NOMVUL gives the common or vernacular names of each plant and an indication of the language (Spanish, Portuguese, Basque, Catalan or Galician) in which these names are used. -PLIEGOS contains chorological data drawn from herbarium specimens.
-LISTAROJA gives the information drawn from the Red List (Aizpuru & al. 2000) .
-LOCALIDADES contains all localities of the publications included in CITAS and the herbarium labels included in PLIEGOS. They are linked to the province and to the country to which they belong (some of them are now in Portuguese territory). -PROVINCIAS gives all the provinces of Spain and Portugal as they appear in Flora Iberica, with their abbreviations.
The algorithm (sequence of searches in the Anthos programme)
Two different types of information can now be sought: plant-based (geographical distribution, synonyms, vernacular names, drawings, photographs, etc.) and locality-based (lists of the plants found there).
(a) The sequence of commands for searching information about a plant can start with the scientific name or with the vernacular name. If we write the scientific name, the sequence is: (1) Select from the NOMEN table all the other associated names (the one considered correct and all the synonyms). (2) From the CITAS table, take out all entries linked to each one of them. (3) Repeat this operation with the tables IMAGENES, etc. (4) From the data drawn from the table CITAS, derive the map that will appear on the screen (Fig. 2) . This will give a map of the species, with windows that will allow us to change the basic map of the distribution or else obtain additional information about the selected species, whether in the form of plates, photographs, synonyms, number of chromosomes, vernacular names, as well as any infraspecific taxa that may exist.
If the user wishes to find information about the synonyms, the list is shown drawn from the NOMEN table. If his interest lies in the number of chromosomes, vernacular names, etc., the system turns from this list of names to consult the tables CARIOLOG, NOMVUL, etc.
Should he wish to see a plate or photograph in the IMAGENES table, the process is similar and uses all names taken from NOMEN.
In this way, two rather important objectives are achieved: information can be sought by using either the accepted name of the plant or a synonym, and the database preserves the original information as it was published, even though the original name has fallen into disuse.
When information is sought under a vernacular name, the programme searches the NOMVUL table and presents the various scientific names that may be appropriate. The user types one of them and then follows the steps as before.
(b) If the information required is associated with a territory, this can be sought from the file of a province or locality or from one or several of the UTM coordinates. The system is similar in both cases: once the UTM coordinate(s) or the locality are selected, the search proceeds to the CITAS table and selects all the entries that satisfy the terms of the request, drawing up a relationship of names that are passed to the NOMEN table and transformed into the name that is considered correct. The relationship is shown alphabetically on the screen.
Completeness of the information
The chorological data now provided by Anthos may be considered as fairly representative of the information published on the Spanish flora. The system stores some 650 000 entries in the CITAS table. Considering the approximately 8300 taxa in Spain (c. 7200 on the peninsula and the Balearic Islands and c. 1070 on the Canary Islands, Beltran Tejera & al. 1999: 12) , we find that each one is quoted about 78 times in the mean. Of course: information is scarce about some plants and abundant in others. Related to the land surface, the stored information reaches an average of 1.2 plants quoted per km². A very prudent estimation of the total number of quotations for Spain approaches two million, so a lot has to be done to incorporate all the published material into the CITAS table. We presume that the caryological data, vernacular names and the red list are better covered as they are brought up to date periodically.
The users of Anthos
The Anthos project is designed to give access to botanical and chorological information to the heterogeneous group of scientists, experts in biodiversity and amateur botanists. The demands for information from scientists are in the spheres of taxonomy and floristics, so clear and complete data in these areas must be provided. Professionals working in land management and consolidation, or in the preservation and protection of species, require distribution maps of plants and supporting data, and these must be particularly reliable and detailed.
Our statistics show an average of 160 consultations a day on weekdays, of which we estimate a 5 % interested in the functioning of the programme. During the weekend and on official holidays, access falls to about 55 visits per day. From the IP addresses of logged users we have found that 74.3 % are from Spain, 7.4 % from Portugal, 6.8 % from other EU countries, 7.8 % from the Americas and 3.7 % from unidentified places.
Concluding remarks
The next financial period of three years (2006-09) will centre on the following objectives:
(a) Completion of the bibliographic work. A close to 100 % coverage of Spanish and Iberian botanical publications, which we estimate at two million items, is attempted .
(b) Improvement of the floristic and geographical data. The data in Anthos contain errors resulting from both the original data and their transcription into the database, mostly misspellings and incorrect coordinates. In addition to periodic corrections by revising sets of entries, an automatic method of reporting errors by the users is installed, and these are corrected without delay.
(c) Development of a new environment of geographic information. Advances in digital cartography and especially in map servers require an updating to improve service to users. A map server is being designed that will include all the information offered by Anthos and will facilitate analyses to explain the distribution of plants in the study area.
